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Abstract

Because of the large amounts of cosmic radiation in the space environment
is of major concern. Doses of radiation

b_lOfint tC_ulurienff;CtSace_ _ts tmpact onbiologtcatthe
effects of radiation on the physiology of astronauts

earth., cause acute or chrome " " e to be avoided, therefore determination of the
which can ........ re encoum,,-_- d _ p flight and assessment of

anlount Ot ra/llatlOn _t"vSU

systems is critical, radiation dosage and damage to biological systems, especially to hurr_re_7 g

Quantifying the flight and during long duration space flight is important tot several
repetitive high altitude long term genotoxicity resulting in cancer and birth defects

• . biological systems depends in a complex way on incident radiation species andRadiation can cause altered biosynthesis and
c Radiatton damageto . _,,...,_, .biological, i.e. film or electronic monitoring systems with narrow

et .. ___ ra typtca,_y ,,,n and then results are extrapolated to biological
me_r energy spect • perform dosimetry using biological molecules

energy band sensitivity are used to
models. For this reason it may be desirable to perform radiation dosimetry by

DNA or RNA strands as passive sensors.

e.g. A lightweight genotoxicology experiment was constructed to determine the degree to which in-

vitro naked DNA extracted from tissues of a variety of vertebrate organisms is damaged by exposure to
radiation in a space environment- The DNA is assayed by means of agarose gel electrophoresis to

determine damage such as strand breakage caused by high momentum particles and photons, and base
oxidation caused by free radicals. The length distribution of DNA fragments is directly correlated with

the radiation dose. It is hoped that a low mass, low cost, passive biological system to determine dose-

response relationship (increase in strand breaks with increase in exposure) can be developed to performGet Away

radiation dosimetry in support of long duration space flight, and to predict negative effects on biologicalof the space
astronauts and greenhouses) in space. The payload was flown in a 2.5 cubic foott qts of the genotoxicology and

systems (e.g. container through NASA's GAS program. It was subjected the environment
Special (GAS) • the STS-91 mission (9 days). Rane_mproved follow on payload are_ r o forthe n aswellasthedes,gntile cag
shu . __.irn,_-rv experiment kur'_o'" -"
radiation au_ ..-
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Figure 2
Genotoxicology and Radiation DosimCtry Experiment (ASPR-GRaDEx'D

The alkaline treatment
Methods breaks.

were determinedby alkalinegelelectrophoresis-
DNA single-standbreaks single-stands,allowingdeterminationof single-strandthe moleculedue to

separatesthe double-strandedDNA into
Double-strandbreakscan be caused not onlyby radiationbut alsoby shearingof

physicaldisruptionby shake,thermalcycling,and eventheformationand shearingof icecrystalsinthe

buffersolution.Thus, the number of double-strandbreaksisnot determinedbecause itisdifficultto

distinguishbetween double-strandbreakscaused by shearingand thosecausedby radiationusing our

• estingthe DNA with enzymes which
currenttechniques- . . _ . eterrninedby dlg _^:,_ etal.1992,Dizdarogluct

The number. °f ;_br_7_ eWc_ sidle°f °x_dat'°n damage 'Dv'_'ux. - breaks _roduced by this treatment, and thus the number ofand without

produce single-stranae
al. 1993). The number of smgle_-str_d ___.._,, rt_ e number of single-strand breaks with

oxidized bases, can be determinea vY comp,_'_,

such treatment (Freeman and Thompson 1990). 200 nag tissue in 500:1 TEN buffer
DNA was extracted from mosquitofish (Gambusia affinis), chicken (Gallus gallus), and tiger

by homogenizing approximately n 500"1 chloroform- The DNA100 mM NaCl) plus 1% sarcosyl. The homogenate was then extra_a _
salamander (Ambystoma tigrinum) • 4"1 v-v.v)and the • s ended in 50 rnM

(10 mM trizma base, lmM EDTA,_ . ___:-o_ ,A alcohOl (25.2 "L_ ----.,,irate was then resu P purchased from
•..,.,,-,., ,,_,enol/cblorotorm_'_ ,,,.m_ __,a **hanoi. Lne p_"'v DNA was

wttn _vv.,r'" ..,_ _ ,,,,1,-_es ot _ce-cu,,_ *-- mg/ml. Human placental e Five hundred Ixl of DblA
precipitated w_m _ ....... concentration of 20 ,_a ;., ,,hosnhate as abov • _,_, ere flown on the
phosphate buffer (sterile) at a d resuspen.a_u "'___ " me of the cuvett_ w (control
Sigma Chemical Co. (St. Louis, MO) an ___ ,_-sealed. So
solution was then loaded into quartz cuvettes a_ ,eat kept in the laboratory

space shuttle Discovery on STS-9[ (flight samples), while some were 50:1 3 M sodium

samples).

After exposure to cosmic radiation, the flight DNA was precipitated by adding

acetate, 100 g mussel glycogen and I ml ice-cold ethanol, and cooling this mixture for 15 rnin at -g 0° C.centrifugation at 13,000 rpm for 10 minutes in a microcentrifuge. The

The DNA was then pelleted by then resuspended in 50"1 TE (10 mM trizma base, l-raM

pellet dried for l0 rain under vacuum and was



EDTA, pH 7.0).

--_- ...... 50 p.g DNA).

The DNA concentration was then quantified spectrophotometrically at 260 nm (1 AU =

For enzymatic digestion, l.lpg DNA was diluted in digestion buffer (5 mM HEPES buffer, I00

mM KCI final concentration), and 2txg each of endonuclease III and formamidopyrimidine (FaPy)

glycosylase (Fpg protein), in a final volume of 30:1. This mixture was incubated at 37° C for 1 hour.
Then proteinase K and NaCI were added to a final concentration of 20 mg/ml and 50 mM, respectively,
and the mixture was incubated for an additional 1 hour. Samples were incubated both with and without

endonuclease. The digested DNA was then analyzed via alkaline or neutral gel electrophoresis.

For alkaline gel electrophoresis, 10.5 ml digestion solution, 3 ml tracking dye (15% Ficoll,

0.025% bromophenol blue), and 1.5 ml of 1 NNaOH and incubated for 15 rain. at room temp. All of this
mixture was then loaded into a 1% agarose gel and subjected to electrophoresis in alkaline solution (30

mM NaOH, 2 mM EDTA, pH 12.5) at 7 V/cm for 5 hours. The gels were then stained with ethidium
bromide (a fluorescent DNA-binding stain) and photographed under ultra-violet light.

For neutral gel electrophoresis, 4 ml digestion reaction was loaded into a 0.3% agarose gel and

subjected to electrophoresis in TBE (90 mM trizma base, 90 mM boric acid, 1 mM EDTA, pH 8.0) at 1.5
V/cm for 15 hrs. The gel was then stained and photographed as above.

The average molecular length (Ln) of each sample was calculated with molecular length

standards (coliphage T4 DNA, lambda phage DNA Hind 1II digestion, and 100 base pair ladder) using the
methods of Freeman and Thompson (1990). The amount of DNA damage was calculated according to

the formula: D=(1/Lnl - 1/Lrt2) x 100

The number of oxidized bases, Lnl, is the molecular length of the sample with enzyme and Ln2

is the molecular length of the sample without enzyme (both determined using alkaline gel

electrophoresis). For number of single-strand breaks, Lnl is determined using alkaline gel

electrophoresis, and Ln2 is determined using neutral gel electrophoresis (both are without enzyme). The
amount of damage is reported as number of oxidized bases or number of single strand breaks per 105 base

pairs.

Results

DNA Dam age
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Figure 4 Electrophoresis strand break analysis results.

The number of oxidized bases in the Gambusia flight (17) DNA was greater than that in the control

(C) DNA. The opposite was true for the salamander DNA. No other samples showed evidence of



i oxidized base damage. There were no obvious trends in the number of single-strand break data. For the
human DNA. the flight samples had roughly 7 more strand breaks/10 s base pairs, but for the other speeies

this trend seemed to be reversed.

Species # Oxidized Bases # Single Strand Breaks

Human Flight 0.00 37.56
Human Control 0.00 30.78

Gambusia Flight 5.98 26.92
Gambusia Control 1.49 32.82

Salamander Flight 8.19 56.76
Salamander Control 19.97 65.76

Chicken Flight 0.00 36.57
Chicken Control 0.00 38.71

Table 1 - Number of DNA single-strand breaks and oxidized nucleotide bases (per 105 bases) in DNA
samples from different species exposed to cosmic and solar radiation. ,Flight" samples were exposed to
cosmic and solar radiation aboard the space shuttle. "Control" samples remained in the laboratory during

the same period of time.

Figure 5 An agarose gel stained with ethidium bromide and photographed under UV light. "Size

standards" are DNA fragments of known molecular length. The 1st 3 lanes on the left of the gel are
standards: Lambda phage DNA cut with Hind IT/(high ladder) ; 100 base pair ladder (low ladder); and

eoliphage T4 DNA (single band). The next 4 lanes are samples from euvettes. The samples are human

flight (with then without enzyme digestion) and gambusia flight DNA (with then without enzyme

digestion).
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__ ::_ 'Conclusions

_'_:_ :_:':": 'Therewas no clearevidenceofcosmicradiation-inducedDNA damage. Itcouldbe thattheamount

of damage from the cosmic radiationwas so smallthatitisbeyond the currentdetectionlimitof this

assay.However, theDNA samplesalsohad smallamounts of trizmaand EDTA mixed inwiththem. It
isknown thattrizma(tris(hydroxymcthyl)amino-methane) isa mdioprotectantfree-radicalscavenger

(Stantonctal.1993),and EDTA may alsobe a free-radicalscavenger,as aremany otherorganicacids.

Thus thesecompounds may have had a protectiveeffecton theDNA inthesamples.Also,theamount of

DNA used inthisexperimentwas low,so thatthefluorescenceof theDNA was smallcompared tothe

backgroundfluorescenceofthecthidiumbromide staininthegel.Thus thebackgroundfluorescencemay

have contributedextraneousvariationwhen readingdatafrom thegels.

In GraI)Ex-II, an effort will be made to ensure that no radioprotective compounds are included in

with the DNA samples. Also, more DNA will be used in the cuvettcs, so that a higher concentration of
DNA can be loaded into a well, thus minimizing the effect of background fluorescence in the
determination of Ln. Additionally strands of known length e.g., a Coliphage enzymatically cut to a

known length may be used as a substratc. Future work will also include a new series of ground
experiments to determine the dose response relationship for various energy spectra as well as to determine
theeffectsofmechanicalstresson theDNA.

The authors"goalsarc notonlyto supportfuturetechnicalneeds of themanned spaceprogram,

but alsoto supporteducation. Scientistsas well as studentsfrom fieldsas diverseas Chemistry,

Biochemistry,Physics,Engineering,Astronomy, and EnvironmentalSciencebenefitedfrom involvement

ineverylevelofdesign,fabrication,testing,and dataanalysis.The designand fabricationoftheTAMSE

and ASPR-GRaDEx-I payloadsrepresentseveralyearsoftimeand learninginvestedby studentsand their

L__:mentors.The investigatorsand authorsof thispaperbelievethatinterdisciplinarytechnicaltrainingof

our youth iscriticalto thelong-terminterestsofthe UnitedStates.Only by maintaininga competitive

technicaledge willthe United Statescontinuetobe a world economic and spaceleader.We are both

gratefuland proud toliveina countrywhere opportunitieslikeNASA's GAS program aremade available

to educators,students,and otherresearchers.In the same spirit,data from the TAMSE and ASPR-

GRaDEx-I payloads will be made available to educators who contact the authors

(Joe.Ritter@msfc.nasa.govand rolando_nsu.acast.nova.edu.).Those interestedmay visitthe ASPR

wcbsiteathttp://fs.broward.cc.fl.us/nortl_ccs/nasa/.

The authors believe that this technique can eventually be improved to a point where radiation

dosimetry from very negligible to lethal doses can be accomplished in a single small lightweight

inexpensive package suitable for use on both robotic flights, and in support of manned space flight.
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